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Abstract
7ZRQHZ'HOWDDQG6LJPDJOXWDWKLRQH6WUDQVIHUDVHV*67VLQWKH+HVVLDQIO\, Mayetiola destructor
'LSWHUD&HFLGRP\LLGDHZHUHFKDUDFWHUL]HGDQGWUDQVFULSWLRQSURILOHVGHVFULEHG7KHGHGXFHGDPLQR
DFLGVHTXHQFHVIRUWKHWZR M. destructor 'HOWD*67V0GHV*67DQG0GHV*67VKRZHGKLJK
VLPLODULW\ZLWKRWKHULQVHFW'HOWD*67VLQFOXGLQJWKHFRQVHUYHGFDWDO\WLFVHULQHUHVLGXH7KHGHGXFHG
DPLQRDFLGVHTXHQFHIRUWKH M. destructor 6LJPD*670GHV*67VKRZHGKLJKVLPLODULW\ZLWKRWKHU
LQVHFW6LJPD*67VLQFOXGLQJWKHFRQVHUYHGJOXWDWKLRQHDQGVXEVWUDWHELQGLQJVLWHV4XDQWLWDWLYHWLVVXH
H[SUHVVLRQDQDO\VLVVKRZHGWKDWP51$OHYHOVIRU MdesGST-1 ZHUHSUHGRPLQDQWLQIDWERG\ZKHUHDV
IRU MdesGST-2 DQG MdesGST-3 H[SUHVVLRQZDVSUHGRPLQDQWLQWKHPLGJXW7HPSRUDOH[SUHVVLRQ
GXULQJGHYHORSPHQWVKRZHGSHDNP51$OHYHOVIRU MdesGST-1 GXULQJODUYDOGHYHORSPHQWEXWLQWKH
SXSDOVWDJHIRU MdesGST-2. MdesGST-3 VKRZHGDFRQVWLWXWLYHH[SUHVVLRQSDWWHUQWKURXJKRXW
GHYHORSPHQW M. destructor IHHGVRQZKHDWDQGH[SUHVVLRQDQDO\VLVDIWHUIHHGLQJLQGLFDWHGWKDWP51$
OHYHOVIRU MdesGST-1 ZHUHVLJQLILFDQWO\KLJKHULQLQFRPSDWLEOHLQWHUDFWLRQVLQZKLFKODUYDHIHGRQ
UHVLVWDQWZKHDWZKLOH MdesGST-3 ZDVVLJQLILFDQWO\KLJKHULQFRPSDWLEOHLQWHUDFWLRQVZKHQODUYDHIHG
RQVXVFHSWLEOHZKHDW MdesGST-2 VKRZHGDQHTXLYDOHQWH[SUHVVLRQSDWWHUQGXULQJERWKLQWHUDFWLRQV
7KHVHUHVXOWVVXJJHVWWKDWWKH M. destructor 'HOWD*67VDUHLPSRUWDQWLQGHWR[LI\LQJZKHDW
DOOHORFKHPLFDOVGXULQJIHHGLQJZKLOH6LJPD*67SDUWLFLSDWHVLQPHWDEROLVPRIHQGRJHQRXVVXEVWUDWHV
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,QVHFWV DUH XQGHU FRQVWDQW SUHVVXUH IURP WR[LF
VXEVWUDWHV JHQHUDWHG HQGRJHQRXVO\ RU
HQFRXQWHUHG IURP H[RJHQRXV VRXUFHV $KPDG DQG
3DUGLQL  7KH PDMRU HQGRJHQRXV VRXUFH RI
GHOHWHULRXV HOHFWURSKLOHV LV R[LGDWLYH PHWDEROLVP
)RXUQLHU HW DO  ,QVHFW VSHFLHV PXVW
RYHUFRPH WKH HIIHFWV RI H[RJHQRXV [HQRELRWLFV
VXFK DV LQVHFWLFLGHV 7X DQG $NJO  (QD\DWL
HW DO  DQG SURR[LGDQW SODQW DOOHORFKHPLFDOV
0D HW DO  .ULVKQDQ DQG .RGUtN  ,Q
KHUELYRURXV LQVHFWV WKH PLGJXW KRVWV FRPSOH[
GHWR[LILFDWLRQ PHFKDQLVPV WKDW LQFOXGH HVWHUDVHV
F\WRFKURPH 3V DQG JOXWDWKLRQH 6WUDQVIHUDVH
*67 HQ]\PHV *67V QHXWUDOL]H WKH WR[LF HIIHFWV
RI HOHWURSKLOLF VXEVWUDWHV E\ FRQMXJDWLQJ UHGXFHG
JOXWDWKLRQH *6+ WR WKHVH FRPSRXQGV SURGXFLQJ
OHVV WR[LF ZDWHUVROXEOH VXEVWUDWHV *UDQW DQG
0DWVXPXUD  7KXV WKHVH HQ]\PHV IRUP DQ
LQWHJUDO SDUW RI WKH SKDVH,, GHWR[LILFDWLRQ V\VWHP
.RVWDURSRXORV HW DO  6RPH *67V IXQFWLRQ
LQ KRUPRQH ELRV\QWKHVLV DQG LQWUDFHOOXODU
WUDQVSRUW(QD\DWLHWDO
,QVHFW *67V ZHUH LQLWLDOO\ FODVVLILHG LQWR WZR
FODVVHV EDVHG RQ LPPXQRORJLFDO DVVD\V SHUIRUPHG
RQ WZR GLVWLQFW *67V ILUVW LGHQWLILHG DQG
FKDUDFWHUL]HG LQ WKH KRXVH IO\ Musca domestica
)RXUQLHU HW DO  +RZHYHU ZLWK WKH DGYHQW
RI PRUH LQVHFW JHQRPH VHTXHQFLQJ D JUHDWHU
QXPEHU RI VLPLODU JHQHV KDYH EHHQ GHFLSKHUHG
DQG VRPH RI WKHP VHHP WR QRW ILW ZLWKLQ WKHVH
FODVVHV &KHOYDQD\DJDP HW DO  5DQVRQ HW DO
 +HQFH PRUH UHFHQWO\ WKH FODVVLILFDWLRQ RI
LQVHFW *67 JHQHV KDV EHHQ DGRSWHG DFFRUGLQJ WR
WKH FODVVLILFDWLRQ IROORZHG LQ PDPPDOLDQ V\VWHPV
7KH PHPEHUV RI FODVV , DUH QRZ FDWHJRUL]HG DV
'HOWD DQG DUH LQVHFW VSHFLILF ZKLOH PHPEHUV RI
FODVV ,, DUH LQFOXGHG LQ WKH FODVV 6LJPD WKDW DOVR
LQFOXGH *67 JHQHV IURP RWKHU SK\OD (QD\DWL HW DO

7KH +HVVLDQ IO\ Mayetiola destructor 'LSWHUD
&HFLGRP\LLGDH LV WKH PDMRU LQVHFW SHVW RI ZKHDW
ZRUOGZLGH DQG SRVHV D VHULRXV FRQFHUQ LQ DOO
ZKHDW SURGXFWLRQ DUHDV RI WKH 8QLWHG 6WDWHV
+RZHYHU WKH PROHFXODU LQWHUDFWLRQV EHWZHHQ WKLV
SHVW DQG LWV KRVW SODQW DUH MXVW QRZ EHJLQQLQJ WR
EH UHYHDOHG 0LWWDSDOOL HW DO D E 7KH
ILUVW WZR IHHGLQJ ODUYDO LQVWDUV FDXVH WKH GDPDJH
DQG V\PSWRPV RI KRVW LQIHVWDWLRQ 7KHVH LQFOXGH
VHYHUH VWXQWLQJ GHYHORSPHQW RI GDUN JUHHQ
IROLDJH DQG XOWLPDWHO\ GHDWK RI VHHGOLQJV %\HUV
DQG *DOOXQ  *HQHWLF UHVLVWDQFH LQ ZKHDW
FXOWLYDUV LV WKH EHVW PHDQV RI FRQWURO IRU WKLV
GHVWUXFWLYHLQVHFWSHVW (O%RXKVVLQLHWDO
7R GDWH  M. destructor UHVLVWDQFH JHQHV KDYH
EHHQ LGHQWLILHG IRU SRVVLEOH EUHHGLQJ HIIRUWV
6DUGHVDL HW DO  5HVLVWDQFH WR M. destructor
DWWDFN LV YLD ODUYDO DQWLELRVLV *DOOXQ  ZKLFK
LV JRYHUQHG E\ VLQJOH JHQHV WKDW DUH FRPSOHWHO\ RU
SDUWLDOO\ GRPLQDQW =DQWRNR 	 6KXNOH  (O
%RXVKLQL HW DO  7KH GHSOR\PHQW RI UHVLVWDQW
FXOWLYDUV KDV OHG WR WKH DSSHDUDQFH RI ELRW\SHV RI
WKH SHVW WKDW FDQ VXUYLYH RQ IRUPHUO\ UHVLVWDQW
ZKHDW 9LUXOHQW ELRW\SHV SRVH D VHULRXV WKUHDW IRU
IXWXUH ZKHDW FXOWLYDWLRQ 0DUWLQ6DQFKH] HW DO
 7KXV WKHUH LV D QHHG WR LGHQWLI\ DOWHUQDWLYH
WDUJHWV ZLWKLQ WKH M. destructor WKDW FRXOG DIIHFW
LWVVXUYLYDORQZKHDWVHHGOLQJV
7KHUH DUH WZR GLVWLQFW LQWHUDFWLRQV RI WKH M.
destructor ZLWK ZKHDW EDVHG RQ WKH VXUYLYDO RI M.
destructor ODUYDH $ FRPSDWLEOH LQWHUDFWLRQ
LQYROYHV ILUVW LQVWDU ODUYDH WKDW FDQ VXFFHVVIXOO\
IHHG DQG GHYHORS RQ D VXVFHSWLEOH ZKHDW VHHGOLQJ
'XULQJ DQ LQFRPSDWLEOH LQWHUDFWLRQ ILUVW LQVWDU
ODUYDH RQ UHVLVWDQW ZKHDW SODQWV DUH SUHYHQWHG
IURP HVWDEOLVKLQJ D VXVWDLQHG IHHGLQJ VLWH DQG GLH
ZLWKLQ D SHULRG RI ILYH GD\V DIWHU KDWFKLQJ *URYHU
HW DO  :KHDW SODQWV LQ LQFRPSDWLEOH
LQWHUDFWLRQV XQGHUJR OLWWOH RU QR SK\VLRORJLFDO
VWUHVV
<RVKL\DPD DQG 6KXNOH  UHSRUWHG WKH
LGHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI D 'HOWD *67
MdesGST-1 LQ WKH M. destructor :H UHSRUW KHUH
WKH FKDUDFWHUL]DWLRQ RI WZR DGGLWLRQDO M.
destructor *67V MdesGST-2 DQG MdesGST-3
WKDW ILW LQWR WKH 'HOWD DQG 6LJPD FODVVHV
UHVSHFWLYHO\ %RWK *67V ZHUH UHFRYHUHG IURP D M.
destructor PLGJXW H[SUHVVHG VHTXHQFH WDJ
GDWDEDVH 2QO\ WKHVH WKUHH *67V KDYH EHHQ
LGHQWLILHG LQ WKH M. destructor DOWKRXJK WKH
JHQRPH PD\ HQFRGH RWKHU FODVVHV P51$ IRU DOO
WKUHH M. destructor *67V ZDV TXDQWLILHG LQ
WLVVXHV GXULQJ GHYHORSPHQW DQG LQ ODUYDH IHG RQ
VXVFHSWLEOH DQG UHVLVWDQW ZKHDW SODQWV 5HVXOWV
REWDLQHG LQ WKLV VWXG\ UHYHDOHG WKDW WKH M.
destructor DV LQ RWKHU 'LSWHUD Drosophila
melanogaster DQG Anopheles gambiae KDV DW
OHDVW WZR GLIIHUHQW FODVVHV RI *67V ZKLFK PD\
IXQFWLRQ LQ GHIHQVH DJDLQVW DOOHORFKHPLFDOV GXULQJ
IHHGLQJ RI ILUVW DQG VHFRQG LQVWDUV DQGRU UHDFWLYH
R[\JHQ VSHFLHV HQFRXQWHUHG LQ WKH WKLUG LQVWDU
SXSDHDQGDGXOWV
Materials and Methods
Insect and plant material
M. destructor %LRW\SH / ZDV XVHG LQ WKLV VWXG\
DQG ZDV PDLQWDLQHG DV GHVFULEHG E\ 6RVD DQG
*DOOXQ  7R GDWH VL[WHHQ M. destructor
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ELRW\SHV KDYH EHHQ LGHQWLILHG DQG DUH GHVLJQDWHG
*3 DQG $ WR 2 5DWFOLIIH HW DO  %LRW\SH /
ZDV HVWDEOLVKHG IURP D ILHOG FROOHFWLRQ PDGH IURP
3RVH\ &RXQW\ ,QGLDQD LQ  $OO ELRW\SHV ZHUH
VHOHFWHG DFFRUGLQJ WR WKH PHWKRGV GHVFULEHG E\
6RVD DQG *DOOXQ  %LRW\SH / ZDV UHDUHG RQ
µ1HZWRQ¶ ZKHDW ZKLFK FDUULHG QR JHQHV IRU
UHVLVWDQFH DQG RQ µ,ULV¶ ZKHDW ZKLFK FDUULHV WKH
UHVLVWDQFH JHQH H9 7KHVH ZKHDW OLQHV ZHUH
VHHGHG LQ FP SRWV a VHHGVSRW ILOOHG ZLWK
VRLO DQG JURZQ LQ IODWV FRQWDLQHG LQ FKDPEHUV DW
& ZLWK D K SKRWRSHULRG ,QIHVWDWLRQ ZDV
SHUIRUPHG E\ FRYHULQJ WKH IODWV ZLWK D WHQW RI
Q\ORQ PHVK DQG DOORZLQJ IHPDOHV WR RYLSRVLW RQ
WKH VHHGOLQJ SODQWV DW WKH RQHOHDI VWDJH (JJ
KDWFK QRUPDOO\ WDNHV  WR  GD\V DIWHU RYLSRVLWLRQ
GHSHQGLQJ RQ WHPSHUDWXUH )LUVW VHFRQG DQG
WKLUG LQVWDU ODUYDH DQG SXSDH ZHUH FROOHFWHG E\
GLVVHFWLQJ WKH FURZQ SRUWLRQV RI LQIHVWHG ZKHDW
VHHGOLQJV LQ ZDWHU DQG LPPHGLDWHO\ IODVKIUR]HQ
LQ OLTXLG QLWURJHQ $GXOWV ZHUH FROOHFWHG DIWHU
HPHUJHQFH FROG DQHVWKHWL]HG DQG IODVKIUR]HQ LQ
OLTXLG QLWURJHQ $OO WKH VDPSOHV ZHUH VWRUHG DW
ï&XQWLO51$ZDVLVRODWHG
Larval dissections and RNA extraction
7KUHH KXQGUHG ODWH ILUVW LQVWDU ODUYDH ILYH GD\V
DIWHU HJJ KDWFK ZHUH GLVVHFWHG LQ LFHFROG
6FKQHLGHU¶V LQVHFW PHGLXP 6LJPD$OGULFK
ZZZVLJPDDOGULFKFRP /DUYDO PLGJXW VDOLYDU\
JODQGV DQG IDW ERG\ WLVVXHV ZHUH LVRODWHG DV
GHVFULEHG SUHYLRXVO\ *URYHU HW DO 
0LWWDSDOOL HW DO E DQG SODFHG LQ  ƫOR I
LFHFROG 6FKQHLGHU¶V LQ VHSDUDWH  PO
PLFURFHQWULIXJH WXEHV ,PPHGLDWHO\ IROORZLQJ
FROOHFWLRQ WKH WLVVXHV ZHUH IODVKIUR]HQ LQ OLTXLG
QLWURJHQ DQG VWRUHG DW ï& XQWLO 51$ ZDV
LVRODWHG 7RWDO 51$ ZDV LVRODWHG IURP WKH
GLVVHFWHG WLVVXHV XVLQJ WKH 51$TXHRXV3&5
NLW IURP $PELRQ $XVWLQ 7; IROORZLQJ WKH
PDQXIDFWXUHU¶VSURWRFRO
Construction of midgut cDNA libraries
51$ H[WUDFWHG IURP WKH PLGJXW WLVVXH ZDV XVHG WR
FRQVWUXFW D F'1$ OLEUDU\ XVLQJ D 60$57 70
F'1$ OLEUDU\ FRQVWUXFWLRQ NLW IURP %'
%LRVFLHQFHV ZZZEGELRVFLHQFHVFRP IROORZLQJ
WKH PDQXIDFWXUHU¶V SURWRFRO ZLWK RQH
PRGLILFDWLRQ 0LWWDSDOOL HW DO E WKH F'1$V
REWDLQHG ZHUH QRW FORQHG LQWR WKH SKDJH YHFWRU
VXSSOLHG ZLWK WKH NLW EXW UDWKHU GLUHFWO\ LQWR WKH
3&57232 YHFWRU LQFOXGHG LQ D 7232 7$
FORQLQJ IRU VHTXHQFLQJ NLW ,QYLWURJHQ
ZZZLQYLWURJHQFRP 3ODVPLG '1$ ZDV LVRODWHG
XVLQJ D 4LDJHQ %LR5RERW  ZZZTLDJHQFRP
DQG FORQHG '1$ H[SUHVVHG VHTXHQFH WDJ
IUDJPHQWV ZHUH VHTXHQFHG IURP WKH 
 HQG E\ WKH
3XUGXH *HQRPLFV &HQWHU XVLQJ D SULPHU GHVLJQHG
WR WKH ᓉ FORQLQJ ROLJRQXFOHRWLGH RI WKH F'1$
OLEUDU\FRQVWUXFWLRQNLW
Sequence comparison and alignment
$QQRWDWLRQV DQG VHTXHQFH VLPLODULW\ IRU WKH
UHFRYHUHG *67V ZHUH GRQH XVLQJ WKH EDVLF ORFDO
DOLJQPHQW VHDUFK WRRO %/$67 SURJUDPV RQ WKH
1DWLRQDO &HQWHU IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ
1&%, %HWKHVGD 0'
KWWSZZZQFELQOPQLKJRY 6HTXHQFH
DOLJQPHQWV ZHUH SHUIRUPHG XVLQJ WKH
*(1(7<;0$&  VRIWZDUH 6RIWZDUH
'HYHORSPHQW &R /WG 7RN\R -DSDQ &RQVHUYHG
GRPDLQV &'VHDUFK LQ WKH GHGXFHG DPLQR DFLG
VHTXHQFHV RI WKH M. destructor *67V ZHUH
UHYHDOHG XVLQJ WKH %/$67 VHDUFK HQJLQH RQ WKH
1&%, EURZVHU 0DUFKOHU%DXHU DQG %U\DQW

Analyses of the M. destructor GSTs in
larval tissues and during development
7KH ODUYDO WLVVXHV FROOHFWHG IURP ILUVW DQG HDUO\
VHFRQG LQVWDUV DV GHVFULEHG DERYH ZHUH SRROHG
LQWR WKUHH FDWHJRULHV PLGJXW VDOLYDU\ JODQGV DQG
IDW ERG\ DQG WKH 51$ H[WUDFWHG IURP HDFK SRRO
ZDV XVHG WR GHWHUPLQH WKH WUDQVFULSW OHYHOV RI WKH
*67V LQ WKH WLVVXHV E\ TXDQWLWDWLYH UHDOWLPH 3&5
VHH EHORZ 7RWDO 51$ ZDV DOVR LVRODWHG IURP DOO
WKH OLIH VWDJHV RI WKH M. destructor LQFOXGLQJ ILUVW
LQVWDUV IRXU GD\V DIWHU KDWFK VHFRQG LQVWDUV
HLJKW GD\V DIWHU KDWFK WKLUG LQVWDUV SXSDH DQG
DGXOWV WR GHWHUPLQH WKH WUDQVFULSW OHYHOV RI WKH
*67VGXULQJGHYHORSPHQW
Analyses of the M. destructor GSTs during
compatible and incompatible interactions
$ FRPSDWLEOH LQWHUDFWLRQ ZDV UHSUHVHQWHG E\
%LRW\SH / ODUYDH RQ VXVFHSWLEOH 1HZWRQ ZKHDW
VHHGOLQJV $Q LQFRPSDWLEOH LQWHUDFWLRQ ZDV
UHSUHVHQWHG E\ %LRW\SH / ODUYDH RQ UHVLVWDQW ,ULV
VHHGOLQJV 7RWDO 51$ ZDV H[WUDFWHG IURP ±
GD\ROG ODUYDH IURP ERWK LQWHUDFWLRQV WR
GHWHUPLQH WKH WUDQVFULSW OHYHOV RI WKH *67 JHQHV
LQ ODUYDH GXULQJ FRPSDWLEOH DQG LQFRPSDWLEOH
LQWHUDFWLRQV
Quantitative analysis
4XDQWLWDWLYH UHDOWLPH 3&5 ZDV XVHG WR DVVHVV
WUDQVFULSW OHYHOV RI MdesGST-1 MdesGST-2 DQG
MdesGST-3 LQ WLVVXHV GXULQJ GHYHORSPHQW DQG LQ
ODUYDH RQ VXVFHSWLEOH DQG UHVLVWDQW SODQWV 7KH
VRIWZDUH 3ULPHU ([SUHVV IURP $SSOLHG %LRV\VWHPV
KWWSZZZDSSOLHGELRV\VWHPVFRP ZDV XVHG
WR GHVLJQ WKH UHDOWLPH SULPHUV 7KH SULPHU
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9RO_$UWLFOH Table 13ULPHUVHTXHQFHVXVHGLQWKHTXDQWLWDWLYHUHDOWLPH3&5
Gene Primer Sequence (5ᓉ -3ᓉ ) Tm (ºC)
MdesGST-1F *$777**7$$$$&*$*&$77**7 
MdesGST-1R $$&$7$&*$$**&*$&$$$$&$ 
MdesGST-2F 7**&&7*&$&7&$$$&&$$ 
MdesGST-2R *&$$&$7$*&*$*&&$77*$7 
MdesGST-3F $*&7*77**&*77*$$77*$$ 
MdesGST-3R 77**$$&**7*7*77*$**$7 
MdesUB-1F &&&&7*&*$$$$77*$7*$ 
MdesUB-1R $$&&**$&7$&77*&$7&*$$ 
VHTXHQFHV IRU WKHVH DQDO\VHV DUH VKRZQ LQ 7DEOH 
,Q EULHI WKH VLQJOHVWUDQG F'1$ V\QWKHVLV ZDV
SHUIRUPHG DV IROORZV  ƫJ RI WRWDO 51$ LQ  ƫOR I
ZDWHU ZDV WUHDWHG ZLWK '1DVH XVLQJ WKH '1$IUHH
NLW $PELRQ ZZZDPELRQFRP IROORZLQJ WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV 7KH UHYHUVH
WUDQVFULSWDVH UHDFWLRQ WR JHQHUDWH WKH F'1$ IRU
XVH LQ TXDQWLWDWLYH UHDOWLPH 3&5 ZDV FDUULHG RXW
XVLQJ WKH 6XSHU6FULSW )LUVW 6WUDQG F'1$
6\QWKHVLV NLW ,QYLWURJHQ DV IROORZV  ƫO RI ROLJR
G7 SULPHU DQG  ƫO RI G173V ZHUH DGGHG WR WKH
 ƫO RI WRWDO 51$ 7KH PL[WXUH ZDV KHDWHG DW
& IRU  PLQ DQG WKHQ SODFHG RQ LFH 7KH
IROORZLQJ ZHUH DGGHG RQ LFH  ƫO RI ; ILUVW
VWUDQG EXIIHU  ƫO RI  P0 0J&OƫO RI  0
'77  ƫO RI 51DVH2XW DQG  ƫO RI 6XSHU6FULSW ,,
UHYHUVH WUDQVFULSWDVH F'1$ V\QWKHVLV ZDV
SHUIRUPHG E\ DW & IRU  K 5HDFWLRQV ZHUH
VWRSSHGE\KHDWLQJVDPSOHVDW&IRUPLQ
4XDQWLILFDWLRQ RI F'1$ GLVSOD\HG DV UHODWLYH
H[SUHVVLRQ YDOXH 5(9 ZDV EDVHG RQ WKH 5HODWLYH
6WDQGDUG &XUYH PHWKRG 8VHU %XOOHWLQ  $%,
3ULVP  6HTXHQFH 'HWHFWLRQ 6\VWHP
KWWSGRFVDSSOLHGELRV\VWHPVFRPSHELRGRFV
SGI XVLQJ VHULDO GLOXWLRQV RI D F'1$
VDPSOH FRQWDLQLQJ WKH WDUJHW VHTXHQFH $IWHU
TXDQWLWDWLYH UHDOWLPH 3&5 DPSOLILFDWLRQ WKH
WKUHVKROG F\FOH &W YDOXH IRU HDFK GLOXWLRQ ZDV
SORWWHG DJDLQVW WKH ORJ RI LWV FRQFHQWUDWLRQ DQG &W
YDOXHV IRU WKH H[SHULPHQWDO VDPSOHV ZHUH SORWWHG
RQWR WKLV GLOXWLRQ VHULHV VWDQGDUG FXUYH 7DUJHW
TXDQWLWLHV ZHUH FDOFXODWHG IURP VHSDUDWH VWDQGDUG
FXUYHV JHQHUDWHG IRU HDFK H[SHULPHQW 5(9V ZHUH
WKHQ GHWHUPLQHG E\ GLYLGLQJ WKH TXDQWLWLHV RI WKH
WDUJHW VHTXHQFH RI LQWHUHVW ZLWK WKH TXDQWLW\
REWDLQHG IRU XELTXLWLQ 7KH HQWLUH DQDO\VLV ZDV
SHUIRUPHG XVLQJ D M. destructor XELTXLWLQ
'4 DV DQ LQWHUQDO VWDQGDUG UHIHUHQFH
ZKLFK LQ RXU HYDOXDWLRQV KDV VKRZQ FRQVWDQW
H[SUHVVLRQ LQ WKH M. destructor GXULQJ
GHYHORSPHQW 8ELTXLWLQ KDV EHHQ VKRZQ WR EH D
VXLWDEOH LQWHUQDO UHIHUHQFH LQ D QXPEHU RI
H[SHULPHQWDO V\VWHPV -LQ HW DO  /XR HW DO
 <XDQ HW DO  3&5 F\FOLQJ SDUDPHWHUV
LQFOXGHG & IRU  PLQ & IRU  PLQ DQG 
F\FOHVRI&IRUVHFDQG&IRUPLQ
Statistical analysis
)RU FDOFXODWLRQV RI VLJQLILFDQFH WKH ORJV RI WKH
5(9V IRU HDFK JHQH ZHUH DQDO\]HG E\ $QDO\VLV RI
9DULDQFH XVLQJ WKH 352& 0,;(' SURFHGXUH RI
6$6 6$6 ,QVWLWXWH ,QF 6$667$7 8VHU¶V *XLGH
9HUVLRQ  )RU WKH H[SUHVVLRQ DQDO\VLV
SHUWDLQLQJ WR WLVVXHV DQG GHYHORSPHQWDO VWDJHV
WKH VWDWLVWLFDO PRGHO LQFOXGHG WUHDWPHQW DQG
LQWHUDFWLRQ EHWZHHQ WUHDWPHQWV ZKHUHDV IRU WKH
DQDO\VLV RI H[SUHVVLRQ LQ GLIIHUHQW ODUYDO M.
destructorZKHDW LQWHUDFWLRQV FRPSDWLEOH YHUVXV
LQFRPSDWLEOH WKH VWDWLVWLFDO PRGHO LQFOXGHG
WUHDWPHQW WLPH SRLQWV DQG LQWHUDFWLRQ EHWZHHQ
WUHDWPHQWV DQG WLPH SRLQWV DV IL[HG HIIHFWV
%LRORJLFDO UHSOLFDWHV ZHUH LQFOXGHG DV D UDQGRP
HIIHFW LQ WKH DQDO\VLV PRGHO 7UHDWPHQW
GLIIHUHQFHV DW HDFK WLPH SRLQW ZHUH HYDOXDWHG
XVLQJ RUWKRJRQDO FRQWUDVWV DQG FRQVLGHUHG
VWDWLVWLFDOO\ VLJQLILFDQW LI WKH SYDOXH DVVRFLDWHG
ZLWKWKHFRQWUDVWZDVS
5HODWLYH IROG FKDQJH LQ WKH FDVH RI WLVVXH
H[SUHVVLRQ ZDV FDOFXODWHG E\ WDNLQJ WKH VDOLYDU\
JODQG P51$ H[SHULPHQWDO VDPSOHV DV WKH
FDOLEUDWRU VDPSOH FRQIHU 8VHU %XOOHWLQ  $%,
3ULVP  6HTXHQFH 'HWHFWLRQ 6\VWH VHH EHORZ
+HQFH WKH IROG FKDQJHV LQ WKH M. destructor *67
WUDQVFULSWV LQ WKH PLGJXW DQG IDW ERGLHV ZHUH
FDOFXODWHG UHODWLYH WR WKH VDOLYDU\ JODQGV 'XULQJ
GHYHORSPHQW H[SUHVVLRQ LQ WKH ILUVW LQVWDUV ZDV
WDNHQ DV WKH FDOLEUDWRU )ROG FKDQJH LQ JHQH
H[SUHVVLRQ IRU MdesGST-1 GXULQJ FRPSDWLEOH DQG
LQFRPSDWLEOH LQWHUDFWLRQV ZDV DVVHVVHG E\
GLYLGLQJ WKH 5(9 IRU ODUYDH RQ VXVFHSWLEOH SODQWV
E\ WKH 5(9 IRU ODUYDH RQ UHVLVWDQW SODQWV )RU
MdesGST-2 DQG MdesGST-3 IROG FKDQJHV GXULQJ
WKHVH LQWHUDFWLRQV ZDV GHWHUPLQHG E\ GLYLGLQJ WKH
5(9 IRU ODUYDH RQ UHVLVWDQW SODQWV E\ WKH 5(9 IRU
ODUYDH RQ VXVFHSWLEOH SODQWV IRU HDFK RI WKH IRXU
WLPH SRLQWV H[DPLQHG )RU WKH
WLVVXHGHYHORSPHQWDO DQDO\VLV WKUHH WHFKQLFDO
UHSOLFDWHV ZHUH XVHG ZKHUHDV IRU WKH DQDO\VLV
GXULQJ GLIIHUHQW LQWHUDFWLRQV WKUHH ELRORJLFDO
UHSOLFDWHV WZR WHFKQLFDO UHSOLFDWHV ZLWKLQ HDFK
ZHUH XVHG 7KH VWDQGDUG HUURU UHSUHVHQWHG WKH
YDULDQFH LQ WKHVH ELRORJLFDO UHSOLFDWHV IRU WKH
UHVSHFWLYHDQDO\VLV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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Characterization of the M. destructor GSTs
5HVXOWV IURP EODVWS KRPRORJ\ VHDUFKHV LQGLFDWHG
WKDW WKH M. destructor JHQRPH HQFRGHV ERWK 'HOWD
MdesGST-1 DQG MdesGST-3 DQG 6LJPD
MdesGST-2 FODVVHV RI *67V 7KH QXFOHRWLGH DQG
GHGXFHG DPLQR DFLG VHTXHQFHV IRU 0GHV*67
ZHUH UHSRUWHG E\ <RVKL\DPD DQG 6KXNOH 
7KHUHIRUH WKLV VWXG\ ZDV FRQILQHG WR WKH
FKDUDFWHUL]DWLRQ RI MdesGST-2 DQG MdesGST-3
7KH GHGXFHG DPLQR DFLG VHTXHQFH IRU 0GHV*67
ZDV FKDUDFWHUL]HG ZLWK DQ QWHUPLQDO H[WHQVLRQ
FRPPRQO\ IRXQG LQ RWKHU 6LJPD *67V )LJXUH
$ 7KH GHGXFHG DPLQR DFLG VHTXHQFH IRU
0GHV*67 UHYHDOHG  LGHQWLW\ DW D H
WKUHVKROG ZLWK D 6LJPD *67 IURP WKH KRXVHIO\
Musca domestica 3 DQG  LGHQWLW\ DW D
H WKUHVKROG ZLWK D *67 IURP WKH IUXLW IO\ D.
melanogaster $$0 )LJXUH %
+RPRORJ\ VHDUFKHV IRU 0GHV*67 DW WKH DPLQR
DFLG OHYHO UHYHDOHG  LGHQWLW\ H WKUHVKROG
DQG  LGHQWLW\ H WKUHVKROG ZLWK 'HOWD
*67V IURP WKH $IULFDQ PDODULD PRVTXLWR A.
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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9RO_$UWLFOH Figure 1. >continued@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+RPRORJ\RI0GHV*67ZLWKVHTXHQFHVIURPRWKHULQVHFW'HOWD*67V Anopheles
gambiae DQG Episyrphus balteatus &$+6DQG1RI0GHV*67ZKLFKUHSUHVHQWWKH
FDWDO\WLFSRFNHWDUHLQGLFDWHGZLWKDQDVWHULVN$PLQRDFLGUHVLGXHVGHWHUPLQLQJIROGLQJDUHPDUNHGZLWKRSHQ
FLUFOHV,QDOOWKUHHSDQHOVLGHQWLFDOUHVLGXHVDPRQJDOOWD[DDUHKLJKOLJKWHGLQEODFNDQGLGHQWLFDOUHVLGXHVLQWZR
RIWKHWKUHHWD[DDUHKLJKOLJKWHGLQJUD\*DSVLQWKHDOLJQPHQWDUHLQGLFDWHGE\GDVKHV
gambiae,  DQG WKH PDUPDODGH KRYHUIO\
Episyrphus balteatus, &$+ UHVSHFWLYHO\
)LJXUH & 7KH QXFOHRWLGH VHTXHQFHV IRU
MdesGST-2 DQG MdesGST-3 ZHUH VXEPLWWHG WR
*HQ%DQN ZLWK DFFHVVLRQ QXPEHUV '4 DQG
'4UHVSHFWLYHO\
7KH DOLJQPHQWV RI GHGXFHG DPLQR DFLG VHTXHQFHV
EHWZHHQ 0GHV*67 DQG RWKHU LQVHFW 6LJPD *67V
LQGLFDWHG VHYHUDO FRQVHUYHG UHVLGXHV DFURVV WKH
LQVHFW VSHFLHV XQGHU FRPSDULVRQ 7KHVH UHVLGXHV
FRQVWLWXWHG WKH SXWDWLYH *6+ ELQGLQJ VLWH
<:46 DQG WKH
HOHFWURSKLOLFELQGLQJ VLWH
9$5$<<< LQ WKH
GHGXFHG DPLQR DFLG VHTXHQFH IRU 0GHV*67
)LJXUH % / UHSUHVHQWHG WKH SXWDWLYH +VLWH
UHVLGXH ZKLFK FRQWDFWV *6+ * LQGLFDWHG WKH
EXOJHLQGXFLQJ UHVLGXH $JLDQLDQ HW DO 
6LPLODUO\ WKH DOLJQPHQW RI GHGXFHG DPLQR DFLG
VHTXHQFHV EHWZHHQ 0GHV*67 DQG RWKHU LQVHFW
'HOWD *67V DOVR UHYHDOHG NH\ UHVLGXHV FRQVHUYHG
DFURVV DOO WKH LQVHFW VSHFLHV )LJXUH & 7KH
GHGXFHG DPLQR DFLG VHTXHQFH IRU 0GHV*67
FRQWDLQHG 6 WKH FDWDO\WLF UHVLGXH XVHG E\ 'HOWD
*67V DQG 3/*' ZKLFK GHWHUPLQH
IROGLQJRIWKH*67VPROHFXOHV
Tissue-specific expression patterns of the
M. destructor GSTs
4XDQWLWDWLYH DQDO\VLV RI WKH M. destructor *67
WUDQVFULSWV LQ ODUYDO WLVVXHV LQFOXGLQJ PLGJXW
VDOLYDU\ JODQGV DQG IDW ERG\ VXJJHVWHG WKHLU
P51$ DEXQGDQFH WR EH WLVVXHVSHFLILF LQ
H[SUHVVLRQ 7KH JUHDWHVW OHYHOV RI P51$ IRU
MdesGST-1 ZHUH REVHUYHG LQ WKH IDW ERG\ DQG
PLGJXW ZKHUHDV WKH P51$ OHYHOV IRU MdesGST-2
DQG MdesGST-3 ZHUH SUHGRPLQDQW LQ WKH PLGJXW
)LJXUH  7KH OHDVW OHYHO RI WUDQVFULSWLRQDO
H[SUHVVLRQ IRU DOO WKH M. destructor *67V ZDV
IRXQG LQ WKH VDOLYDU\ JODQG VDPSOHV DQG WKXV WKH
H[SUHVVLRQ LQ PLGJXW DQG IDW ERG\ ZHUH FRPSDUHG
UHODWLYH WR WKH VDOLYDU\ JODQGV $ VLJQLILFDQW S
 IROG GLIIHUHQFH RI  DQG  UHVSHFWLYHO\
ZDV FDOFXODWHG IRU MdesGST-1 LQ WKH IDW ERG\ DQG
PLGJXW VDPSOHV UHODWLYH WR WKH VDOLYDU\ JODQG
WLVVXH )LJXUH  )XUWKHU D IROG FKDQJH RI  IRU
MdesGST-2 DQG  IRU MdesGST-3 ZDV
FDOFXODWHG EHWZHHQ WKH PLGJXW DQG VDOLYDU\ JODQG
WLVVXHV
Developmental expression patterns of the
M. destructor GSTs
7UDQVFULSWLRQ SURILOLQJ IRU WKH M. destructor *67
JHQHV ZDV DOVR SHUIRUPHG IRU DOO WKH VWDJHV RI
GHYHORSPHQW LQFOXGLQJ WKH WKUHH ODUYDO LQVWDUV
SXSDH DQG DGXOWV 2I DOO WKUHH M. destructor
*67V P51$ IRU MdesGST-1 ZDV REVHUYHG WR EH
WKH PRVW DEXQGDQW ZKLOH P51$ IRU MdesGST-3
ZDV WKH OHDVW DEXQGDQW MdesGST-1 VKRZHG DQ
DVFHQGLQJ SDWWHUQ LQ P51$ OHYHOV GXULQJ WKH
ODUYDO LQVWDUV )LJXUH  ZLWK D SHDN LQ WKH WKLUG
LQVWDUV ,QWHUHVWLQJO\ WKH H[SUHVVLRQ SURILOH IRU
WKH 6LJPD *67 MdesGST-2 UHYHDOHG D SHDN
P51$ OHYHO LQ SXSDH )LJXUH  7KH ORZHVW OHYHO
RI H[SUHVVLRQ IRU DOO WKUHH M. destructor *67V ZDV
REVHUYHG LQ WKH ILUVW LQVWDU VDPSOHV 7KHUHIRUH
WKH IROG FKDQJH LQ P51$ DEXQGDQFH LQ WKH RWKHU
GHYHORSPHQWDO VWDJHV ZDV FDOFXODWHG UHODWLYH WR
WKLV EDVDO OHYHO LQ WKH ILUVW LQVWDUV 6LJQLILFDQW
S IROG GLIIHUHQFHV RI    DQG 
IRU MdesGST-1 ZHUH GHWHUPLQHG EHWZHHQ VHFRQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2 7UDQVFULSWLRQDOSDWWHUQVRIWKH M. destructor *67VLQODUYDOWLVVXHV'DWDVKRZQUHSUHVHQWVUHODWLYHIROG
FKDQJHVLQWKHH[SUHVVLRQRI MdesGST-1 MdesGST-2DQG MdesGST-3 LQPLGJXWVDOLYDU\JODQGVDQGIDWERG\
WLVVXHV([SUHVVLRQLQWKHVDOLYDU\JODQGVZDVWDNHQDVWKHFDOLEUDWRUDQGWKHH[SUHVVLRQLQPLGJXWDQGIDWERG\
VDPSOHVZDVFDOFXODWHGUHODWLYHWRWKHH[SUHVVLRQLQWKHVDOLYDU\JODQGV7KHVWDQGDUGHUURULVUHSUHVHQWHGE\WKH
HUURUEDUIRUWKUHHWHFKQLFDOUHSOLFDWHV$VWHULVNVLQGLFDWHIROGFKDQJHVLQH[SUHVVLRQVLJQLILFDQWO\GLIIHUHQW
S!UHODWLYHWRVDOLYDU\JODQGV
LQVWDU WKLUG LQVWDU SXSD DQG DGXOW UHVSHFWLYHO\
FRPSDUHG WR WKH ILUVW LQVWDU ZKLOH D IROG
GLIIHUHQFH S IRU MdesGST-2 ZDV
FDOFXODWHG EHWZHHQ SXSD DQG ILUVW LQVWDU )LJXUH
 /HYHOV RI P51$ IRU MdesGST-3 GLG QRW
VLJQLILFDQWO\YDU\WKURXJKRXWGHYHORSPHQW
Expression patterns of the M. destructor
GSTs during interactions with wheat
,W ZDV DOVR RI LQWHUHVW WR GHWHUPLQH WUDQVFULSWLRQDO
H[SUHVVLRQ SDWWHUQV IRU WKH M. destructor *67
JHQHV LQ ODUYDH RQ VXVFHSWLEOH DQG UHVLVWDQW ZKHDW
SODQWV GXULQJ FRPSDWLEOH DQG LQFRPSDWLEOH
LQWHUDFWLRQV $OO WKUHH M. destructor *67V VKRZHG
GLIIHUHQW H[SUHVVLRQ SDWWHUQV GXULQJ WKHVH
LQWHUDFWLRQV 7KH P51$ OHYHO IRU MdesGST-1 ZDV
VLJQLILFDQWO\ S   XSUHJXODWHG LQ ODUYDH RQ
UHVLVWDQW ZKHDW SODQWV FRPSDUHG WR VLPLODU DJHG
ODUYDH RQ VXVFHSWLEOH ZKHDW SODQWV IRU  GD\ROG
ODUYDH )LJXUH $ 7KH JUHDWHVW IROG FKDQJH RI 
IRU 0GHV*67 ZDV REVHUYHG EHWZHHQ  GD\ROG
ODUYDH GDWD QRW VKRZQ 4XDQWLWDWLYH DQDO\VLV IRU
MdesGST-2 VXJJHVWHG PRGHVW OHYHOV RI FKDQJHV LQ
WKH P51$ OHYHOV RI ODUYDH LQIHVWLQJ UHVLVWDQW
Figure 37UDQVFULSWLRQDOSDWWHUQVRIWKH M. destructor *67VGXULQJGHYHORSPHQW'DWDSUHVHQWHGUHYHDOVWKH
IROGFKDQJHV)RUDOOWKHJHQHVDQDO\]HGWKHILUVWLQVWDUZDVWDNHQDVWKHFDOLEUDWRUVDPSOH7KHVWDQGDUGHUURULV
UHSUHVHQWHGE\WKHHUURUEDUIRUWKUHHWHFKQLFDOUHSOLFDWHV$VWHULVNVLQGLFDWHIROGFKDQJHVLQH[SUHVVLRQ
VLJQLILFDQWO\GLIIHUHQWS!UHODWLYHWRWKHILUVWLQVWDU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4'LIIHUHQWLDOH[SUHVVLRQSDWWHUQVRIWKH M. destructor *67VGXULQJFRPSDWLEOHDQGLQFRPSDWLEOH
LQWHUDFWLRQVZLWKZKHDW4XDQWLWDWLYHDQDO\VLVZDVSHUIRUPHGXVLQJ51$VDPSOHVIURPODUYDHSDUWLFLSDWLQJLQ
FRPSDWLEOHLQWHUDFWLRQV%LRW\SH/+HVVLDQIOLHVRQVXVFHSWLEOHµ1HZWRQ¶ZKHDWDQGIURPODUYDHSDUWLFLSDWLQJLQ
LQFRPSDWLEOHLQWHUDFWLRQV%LRW\SH/+HVVLDQIOLHVRQUHVLVWDQWµ,ULV¶ZKHDWWKURXJKGD\VGSRVWKDWFK9DOXHV
UHSUHVHQWWKH/RJRIWKHPHDQUHODWLYHH[SUHVVLRQYDOXH5(9SORWWHGDJDLQVWHDFKRIWKHIRXUWLPHSRLQWV
H[DPLQHGIRU$ MdesGST-1 % MdesGST-2 DQG& MdesGST-35(9VIRUDOOJHQHVZHUHFDOFXODWHGUHODWLYHWR
WKHH[SUHVVLRQRID M. destructor XELTXLWLQJHQH7KHVWDQGDUGHUURULQDOOSDQHOVLVUHSUHVHQWHGE\WKHHUURUEDUIRU
WZRELRORJLFDOUHSOLFDWHVWZRWHFKQLFDOUHSOLFDWHVZLWKLQHDFK
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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 GD\ROG ODUYDH ZHUH VLJQLILFDQWO\ GLIIHUHQW S
 EXW WKH ODWHU WLPH SRLQWV ZHUH QRW )LJXUH
% 7KLV REVHUYDWLRQ ZDV IXUWKHU VXSSRUWHG E\
WKH IROGFKDQJH GDWD ZKLFK LQGLFDWHG D
IROGGLIIHUHQFH RI OHVV WKDQ  IRU  DQG  GD\ROG
ODUYDH GDWD QRW VKRZQ ,Q FRQWUDVW WR WKH
WUDQVFULSWLRQDO H[SUHVVLRQ SDWWHUQV REVHUYHG IRU
MdesGST-1 DQG MdesGST-2 WKH P51$ OHYHO IRU
MdesGST-3 ZDV IRXQG WR EH VLJQLILFDQWO\ S
 XSUHJXODWHG LQ   DQG  GD\ROG ODUYDH RQ
VXVFHSWLEOH ZKHDW FRPSDUHG WR VLPLODU DJHG ODUYDH
RQ UHVLVWDQW ZKHDW )LJXUH & 7KH JUHDWHVW
GLIIHUHQFH LQ WKH P51$ OHYHO IRU MdesGST-3 ZDV
REVHUYHG EHWZHHQ  GD\ROG ODUYDH ZKLFK
FRUUHVSRQGHG WR D  IROGFKDQJH GDWD QRW
VKRZQ
Discussion
M. destructor Delta and Sigma GSTs
7ZR QHZ JOXWDWKLRQH 6WUDQVIHUDVHV MdesGST-3
DQG MdesGST-2 ZHUH FKDUDFWHUL]HG DQG
WUDQVFULSWLRQ SURILOHV GHVFULEHG ,Q DGGLWLRQ WKH
WUDQVFULSWLRQDO H[SUHVVLRQ SDWWHUQV RI DQRWKHU
*67 JHQH MdesGST-1, SUHYLRXVO\ UHSRUWHG E\
<RVKL\DPD DQG 6KXNOH  LV GHVFULEHG 2I WKH
WKUHH M. destructor *67 JHQHV WZR RI WKHP IDOO
ZLWKLQ WKH 'HOWD FODVV MdesGST-1 DQG
MdesGST-3 DQG WKH WKLUG ZLWKLQ WKH 6LJPD FODVV
MdesGST-2 7KLV FODVVLILFDWLRQ RI WKH M.
destructor *67V ZDV SULPDULO\ EDVHG RQ WKH
LGHQWLW\ VKDUHG DW WKH DPLQR DFLG OHYHO ZLWK RWKHU
NQRZQ LQVHFW *67V EHORQJLQJ WR VLPLODU FODVVHV
7KH GHGXFHG DPLQR DFLG VHTXHQFHV IRU WKH M.
destructor *67V ZHUH LQ DJUHHPHQW LQ OHQJWK DQG
FRQWDLQHG FRQVHUYHG *67 GRPDLQV WKDW DUH
FKDUDFWHULVWLF RI RWKHU LQVHFW 'HOWD *67 DPLQR
DFLG VHTXHQFHV &KHQ HW DO  DQG 6LJPD
*67V$JLDQLDQHWDO
,QVHFW JHQRPHV FRQWDLQ GLYHUVH *67 JHQHV WKDW
VKDUH IXQFWLRQDOLW\ ZLWK WKRVH SUHVHQW LQ ORZHU
DQG KLJKHU DQLPDOV (QD\DWL HW DO  7KH
FRPSOH[LW\ RI *67 JHQHV IRXQG ZLWKLQ DQ LQVHFW
VSHFLHV LV EHVW H[HPSOLILHG E\ WKH JHQRPHV RI D.
melanogaster 7RXQJ HW DO  7X DQG $NJXO
 A. gambiae 5DQVRQ HW DO  5DQVRQ
DQG +HPLQJZD\  DQG M. domestica
)RXUQLHU HW DO  =KRX DQG 6\YDQHQ 
ZKLFK DUH FKDUDFWHUL]HG E\ PXOWLJHQH *67
IDPLOLHV ,Q WKH JHQRPHV RI WZR GLSWHUDQ VSHFLHV
D. melanogaster DQG A. gambiae RQO\ D VLQJOH
SXWDWLYH WUDQVFULSW RI WKH 6LJPD *67 KDV EHHQ
LGHQWLILHG ZKLOH PRUH WKDQ  SXWDWLYH WUDQVFULSWV
HQFRGLQJ IRU 'HOWD *67V KDYH EHHQ LGHQWLILHG
(QD\DWL HW DO  +RZHYHU LW KDV EHHQ
GRFXPHQWHG LQ A. gambiae WKDW ERWK WKH 6LJPD
DQG 'HOWD FODVVHV RI *67V H[LVW DV DOWHUQDWLYH
VSOLFH YDULDQWV 'LQJ HW DO  5DQVRQ HW DO

Induction of MdesGST-1 and MdesGST-3
mRNAs
7KH P51$ WUDQVFULSWV IRU 0GHV*67 DQG
0GHV*67 ZHUH IRXQG LQ DOO WKH WLVVXHV
H[DPLQHG PLGJXW IDW ERG\ DQG VDOLYDU\ JODQGV
7KLV REVHUYDWLRQ LV LQ DJUHHPHQW ZLWK WKH UHVXOWV
REWDLQHG E\ <RVKL\DPD DQG 6KXNOH  IRU
MdesGST-1 ZLWK UHYHUVH WUDQVFULSWLRQ 3&5
+RZHYHU TXDQWLWDWLYH DQDO\VLV SHUIRUPHG LQ WKLV
VWXG\ UHYHDOHG WKH JUHDWHVW P51$ OHYHOV IRU
MdesGST-1 LQ WKH IDW ERG\ DQG PLGJXW DQG IRU
MdesGST-3 LQ WKH PLGJXW 6SDWLDO H[SUHVVLRQ
VWXGLHV LQ D. melanogaster VKRZHG WKDW WKH JXW
HSLWKHOLXP FRQVLVWHG RI WKUHH H[SUHVVLRQ GRPDLQV
ZKLFK ZHUH HVVHQWLDO IRU WKH H[SUHVVLRQ RI Gst-D1
1DNDPXUD HW DO  6HYHUDO RWKHU VWXGLHV KDYH
DOVR UHSRUWHG WKDW WKH PLGJXW SOD\V DQ LPSRUWDQW
UROH LQ *67EDVHG GHWR[LILFDWLRQ LQ DQ DUUD\ RI
KHUELYRURXV LQVHFW VSHFLHV LQFOXGLQJ PHPEHUV RI
/HSLGRSWHUD 6Q\GHU DW O  3HUL 0DWDUXJD HW
DO  .ULVKQDQ DQG .RGUtN  'LSWHUD
1DNDPXUD HW DO  DQG JUDVVKRSSHUV .RQQR
DQG 6KLVKLGR  %DUEHKHQQ  *67
H[SUHVVLRQ KDV DOVR EHHQ REVHUYHG LQ RWKHU WLVVXHV
RI LQVHFWV VXFK DV 0DOSKLJLDQ WXEXOHV .RQQR DQG
6KLVKLGR  IDW ERG\ .RQQR DQG 6KLVKLGR
 6Q\GHU HW DO  DQG DQWHQQDH 5RJHUV HW
DO  7KH SHDN H[SUHVVLRQ REWDLQHG IRU
MdesGST-1 LQ IDW ERG\ FRUURERUDWHV ZLWK WKH
ILQGLQJV RI .RQQR DQG 6KLVKLGR  DQG
6Q\GHU HW DO  7KH KLJKHU P51$ OHYHOV IRU
MdesGST-1 DQG MdesGST-3 LQ WKH PLGJXW RI WKH
M. destructor ODUYDH VXJJHVWV D GHWR[LILFDWLRQ
PHFKDQLVP WKDW FRXOG EH DVVRFLDWHG ZLWK WKH
DOOHORFKHPLFDOV SUHVHQW LQ WKHLU GLHW 7KH ORZ
P51$ OHYHOV REVHUYHG LQ RWKHU WLVVXHV VXJJHVW
DGGLWLRQDO SK\VLRORJLFDO IXQFWLRQV RI WKH *67
SURWHLQVLQWKHELRORJ\RIWKH M. destructor
$Q LQWULJXLQJ H[SUHVVLRQ SDWWHUQ ZDV REVHUYHG LQ
ODUYDH GXULQJ FRPSDWLEOH DQG LQFRPSDWLEOH
LQWHUDFWLRQV ZLWK ZKHDW ,Q D FRPSDWLEOH
LQWHUDFWLRQ ODUYDH RQ UHVLVWDQW ZKHDW SODQWV
ODUYDH ZHUH DEOH WR FRQWLQXRXVO\ IHHG DQG FRXOG EH
FKDOOHQJHG ZLWK ZKHDW DOOHORFKHPLFDOV GXULQJ WKH
IHHGLQJ HYHQW 0LWWDSDOOL HW DO E +RZHYHU
LQ DQ LQFRPSDWLEOH LQWHUDFWLRQ ODUYDH IDLOHG WR
HVWDEOLVK D VXVWDLQHG IHHGLQJ VLWH DQG WKXV
XQGHUZHQW VHYHUH VWUHVV UHVXOWLQJ LQ GHDWK ZLWKLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  GD\V 3DLQWHU  ,Q WKH FXUUHQW VWXG\ LW ZDV
IRXQG WKDW WKH P51$ OHYHO IRU MdesGST-1 ZDV
VLJQLILFDQWO\ JUHDWHU LQ ODUYDH LQ LQFRPSDWLEOH
LQWHUDFWLRQV 7KH JUHDWHU DEXQGDQFH RI
MdesGST-1 P51$ LQ ODUYDH RQ UHVLVWDQW ZKHDW
FRXOG EH H[SODLQHG E\ WKH UHVSRQVH RI LQGXFHG
SODQW GHIHQVH FRPSRXQGV VXFK DV IODYRQRLGV
+RGQLFN HW DO  LQ UHVLVWDQW ZKHDW SODQWV
)XUWKHU HQGRJHQRXV VRXUFHV RI UHDFWLYH R[\JHQ
VSHFLHV VWHPPLQJ IURP VWUHVV ZLWKLQ WKH ODUYDH
FRXOG FRQWULEXWH WR WKH LQGXFWLRQ RI MdesGST-1
7KH KLJK OHYHO RI MdesGST-1 P51$ LQ WKH IDW
ERG\VXSSRUWVWKHODWWHUH[SODQDWLRQ
,QVHFW 'HOWD *67V KDYH D NH\ UROH LQ GHWR[LI\LQJ
[HQRELRWLFV LQFOXGLQJ LQVHFWLFLGHV DQG SODQW
DOOHORFKHPLFDOV ,Q WKLV VWXG\ MdesGST-3 ZDV
LQGXFHG DW PRGHVW OHYHOV LQ ODUYDH LQ FRPSDWLEOH
LQWHUDFWLRQV MdesGST-3 LV D WDUJHW IRU IXWXUH
VWXGLHV RI GHWR[LI\LQJ ZKHDW DOOHORFKHPLFDOV
GXULQJIHHGLQJRQVXVFHSWLEOHZKHDWSODQWV
7KH OHYHO RI LQGXFWLRQ RI *67V LQ RWKHU LQVHFWV LQ
UHVSRQVH WR IHHGLQJ LV PL[HG 6HYHUDO VWXGLHV
UHSRUW D VLJQLILFDQW LQGXFWLRQ RI *67 DFWLYLW\ LQ
ODUYDH IHG RQ QDWXUDO SODQW GLHW FRQWDLQLQJ
SURR[LGDQW DOOHORFKHPLFDOV (JDDV HW DO 
9DQKDHOHQ HW DO  .ULVKQDQ DQG .RGUtN
 RU IHG DQ DUWLILFLDO GLHW VXSSOHPHQWHG ZLWK
SODQW DOOHORFKHPLFDOV :DGOHLJK DQG <X  /HH
 +RZHYHU <X  IRXQG D PRGHUDWH *67
DFWLYLW\ LQ IDOO DUP\ZRUPV Spodoptera
frugiperda XSRQ LQJHVWLRQ RI [DQWKRWR[LQ DQG
6Q\GHU HW DO  UHSRUWHG D PRGHUDWH OHYHO RI
P51$ LQGXFWLRQ IRU D 6LJPD *67 ZKHQ Manduca
sexta ZDVIHGGLHWDU\FKHPLFDOV
Putative functions of MdesGST-2
7KH IXQFWLRQV RI 6LJPD *67V LQ LQVHFWV UHPDLQ
XQFOHDU $JLDQLDQ HW DO  6LJPD *67V LQ D.
melanogaster KDG EHHQ LQLWLDOO\ UHSRUWHG WR KDYH
VWUXFWXUDO IXQFWLRQV LQ WKH LQGLUHFW IOLJKW PXVFOH
WLVVXHV %XOODUG HW DO  &OD\WRQ HW DO 
0RUH UHFHQWO\ WKH 6LJPD *67 KRPRORJ LQ D.
melanogaster 'P*676 ZDV DVVLJQHG
DOWHUQDWLYH SXWDWLYH IXQFWLRQV UHODWHG WR
GHWR[LILFDWLRQ DQWLR[LGDQW GHIHQVH DQG FHOO
VLJQDOLQJ SURFHVVHV 6LQJK HW DO  $JLDQLDQ HW
DO
P51$ OHYHOV IRU MdesGST-2 ZHUH KLJKHVW LQ WKH
PLGJXW 7KLV LV LQ DJUHHPHQW ZLWK WKH P51$
OHYHOV DVVRFLDWHG ZLWK D 6LJPD *67 UHFRYHUHG
IURP D ODUYDO PLGJXW F'1$ OLEUDU\ RI M. sexta
6Q\GHU HW DO  $GGLWLRQDOO\ D ORZ OHYHO RI M.
domestica *67 ZDV REVHUYHG LQ QRQPXVFXODU
WLVVXHV )UDQFLRVD DQG %HUJH  7KH M.
destructor 6LJPD *67 MdesGST-2, FRXOG
SDUWLFLSDWH LQ GHWR[LILFDWLRQDQWLR[LGDQW
IXQFWLRQV VLPLODU WR WKRVH REVHUYHG LQ D.
melanogaster EDVHG RQ WKH GHYHORSPHQWDO
H[SUHVVLRQ SDWWHUQ 8QOLNH WKH WZR M. destructor
'HOWD *67 WUDQVFULSWV MdesGST-1 DQG
MdesGST-3 WKH SHDN P51$ OHYHO IRU
MdesGST-2 ZDV REVHUYHG LQ SXSDH 7KLV UHVXOW LV
VLPLODU WR WKH ILQGLQJV LQ WKH \HOORZ PHDOZRUP
Tenebrio molitor .RVWDURSRXORV HW DO 
8SUHJXODWLRQ RI MdeGST-2 LQ SXSDH FRXOG EH
UHTXLUHG DV D UHVSRQVH WR LQFUHDVHG PHWDEROLVP
UHODWHG WR PRUSKRORJLFDO FKDQJHV GXULQJ WKLV
VWDJH .RVWDURSRXORV HW DO  $V D UHVXOW RI
WKHVH DOWHUDWLRQV WKH DFWLRQ RI DQWLR[LGDQW
HQ]\PHV LV HVVHQWLDO WR FRXQWHUDFW WKH WR[LF HIIHFWV
RI HOHFWURSKLOLF VXEVWUDWHV JHQHUDWHG GXULQJ WKLV
PDVVLYH UHRUJDQL]DWLRQ SURFHVV ,QGHHG WKLV
VHHPV WR EH WKH PRVW SODXVLEOH H[SODQDWLRQ DOVR
JLYHQ IRU DQRWKHU GLSWHUDQ A. gambiae +D]HOWRQ
DQG /DQJ  )XUWKHU WKH P51$ OHYHOV IRU
MdesGST-2 GXULQJ FRPSDWLEOH DQG LQFRPSDWLEOH
LQWHUDFWLRQV UHPDLQ HTXLYDOHQW 7KHUH LV QR EDVLV
IRU VXJJHVWLQJ LW LV LQYROYHG LQ GHWR[LI\LQJ ZKHDW
DOOHORFKHPLFDOV
Conclusions
7KH M. destructor JHQRPH FRGHV IRU DW OHDVW WZR
FODVVHV RI *67 JHQHV 7KH SURGXFW RI WKH 'HOWD
*67 JHQHV PD\ DLG LQ GHWR[LI\LQJ H[RJHQRXV
DOOHORFKHPLFDOV IURP LWV KRVW SODQW ZKLOH WKDW RI D
6LJPD *67 FRXOG IXQFWLRQ LQ SURWHFWLRQ DJDLQVW
WR[LF R[\JHQ VSHFLHV JHQHUDWHG HQGRJHQRXVO\
GXULQJ GHYHORSPHQW 7KHVH UHVXOWV SURYLGH D
EHWWHU XQGHUVWDWLQJ RI WKH PHFKDQLVPV HPSOR\HG
E\ WKH M. destructor GXULQJ LWV LQWHUDFWLRQV ZLWK
ZKHDW 3URWHRPLF VWXGLHV DUH QHHGHG WR GHWHUPLQH
WKHIXQFWLRQVRIWKHVHHQ]\PHV
Disclaimer
7KLV DUWLFOH UHSUHVHQWV WKH UHVXOWV RI UHVHDUFK
RQO\ 0HQWLRQ RI D FRPPHUFLDO RU SURSULHWDU\
SURGXFW GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW E\
WKH86'$IRULWVXVH
Acknowledgments
7KLV LV D MRLQW FRQWULEXWLRQ RI WKH 86'$$56 DQG
3XUGXH 8QLYHUVLW\ 7KLV VWXG\ ZDV VXSSRUWHG
WKURXJK86'$&5,61R'
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH References
$JLDQLDQ % 7XFNHU 3$ 6FKRXWHQ $ /HRQDUG . %XOODUG %
*URV 3  6WUXFWXUH RI D Drosophila 6LJPD FODVV
JOXWDWKLRQH 6WUDQVIHUDVH UHYHDOV D QRYHO DFWLYH VLWH
WRSRJUDSK\ VXLWHG IRU OLSLG SHUR[LGDWLRQ SURGXFWV
Journal of Molecular Biology  
$KPDG 6 3DUGLQL 56  $QWLR[LGDQW GHIHQVH RI WKH
FDEEDJH ORRSHU Trichoplusia ni (Q]\PDWLF UHVSRQVHV WR
WKH VXSHUR[LGHJHQHUDWLQJ IODYRQRLG TXHUFHWLQ DQG
SKRWRG\QDPLF IXUDQRFRXPDULQ [DQWKRWR[LQ
Photochemistry and Photobiology  
%DUEHKHQQ 59  *XWEDVHG DQWLR[LGDQW HQ]\PHV LQ D
SRO\SKDJRXV DQG D JUPLQLYRURXV JUDVVKRSSHU Journal of
Chemical Ecology  
%XOODUG % /HRQDUG . /DUNLQV $ %XWFKHU * .DUOLN & )\UEHUJ
(  7URSRQLQ RI DV\QFKURQRXV IOLJKW PXVFOH Journal
of Molecular Biology  
%\HUV 5$ *DOOXQ 5/  $ELOLW\ RI WKH +HVVLDQ IO\ WR VWXQW
ZLQWHU ZKHDW , (IIHFW RI ODUYDO IHHGLQJ RQ HORQJDWLRQ RI
OHDYHV Journal of Economic Entomology  
&KHOYDQD\DJDP * 3DUNHU 0: %RDUG 3*  )O\ ILVKLQJ IRU
*67V $ XQLILHG QRPHQFODWXUH IRU PDPPDOLDQ DQG LQVHFW
JOXWDWKLRQH WUDQVIHUDVHV Chemico-Biological Interactions
 
&KHQ / +DOO 35 =KRX ;( 5DQVRQ + +HPLQJZD\ - 0HHKDQ
(-  6WUXFWXUH RI DQ LQVHFW GHOWDFODVV JOXWDWKLRQH
6WUDQVIHUDVH IURP D ''7UHVLVWDQW VWUDLQ RI WKH PDODULD
YHFWRU Anopheles gambiae Acta Crystallographica
Section D: Biological Crystallography  
&OD\WRQ -' &ULSSV 50 6SDUURZ -& %XOODUG % 
,QWHUDFWLRQ RI WURSRQLQ+ DQG JOXWDWKLRQH 6WUDQVIHUDVH
LQ WKH LQGLUHFW IOLJKW PXVFOHV RI Drosophila melanogaster
Journal of Muscle Research and Cell Motility  
'LQJ < 2UWHOOL ) 5RVVLWHU /& +HPLQJZD\ - 5DQVRQ + 
7KH Anopheles gambiae JOXWDWKLRQH WUDQVIHUDVH
VXSHUJHQH IDPLO\ $QQRWDWLRQ SK\ORJHQ\ DQG H[SUHVVLRQ
SURILOHV BMC Genomics  
(JDDV ( .REUR 6 6YHQGVHQ 12 6NDDUH -8  *OXWDWKLRQH
6WUDQVIHUDVHV LQ HQGRVXOIDQWUHDWHG UHG VZRUG JUDVV
PRWK Xylena vetusta +E DQG KHEUHZ FKDUDFWHU PRWK
Orhtosia gothica / UHDUHG RQ OHDYHV IURP DSSOH Malus
domestica &XOW RU ZLOORZ Salix caprea / Comparative
Biochemistry and Physiology C  
(O %RXKVVLQL 0 +DWFKHWW -+ &R[ 76 :LOGH *( 
*HQRW\SLF LQWHUDFWLRQ EHWZHHQ UHVLVWDQFH JHQHV LQ ZKHDW
DQG YLUXOHQFH JHQHV LQ WKH +HVVLDQ IO\ Mayetiola
destructor 'LSWHUD &HFLGRP\LLGDH Bulletin of
Entomological Research  
(QD\DWL $$ 5DQVRQ + +HPLQJZD\ -  ,QVHFW
JOXWDWKLRQH WUDQVIHUDVHV DQG LQVHFWLFLGH UHVLVWDQFH Insect
Molecular Biology  
)RXUQLHU ' %ULGH -0 3RLULH 0 %HUJp -% 3ODSS ) 
,QVHFW JOXWDWKLRQH SWUDQVIHUDVHV %LRFKHPLFDO
FKDUDFWHULVWLFV RI PDMRU IRUP IURP KRXVHIOLHV VXVFHSWLEOH
DQG UHVLVWDQW WR LQVHFWLFLGHV Journal of Biological
Chemistry  
)UDQFLRVD + %HUJH -%  *OXWDWKLRQH 6WUDQVIHUDVHV LQ
KRXVHIO\ Musca domestica /RFDWLRQ RI *67 DQG
*67 IDPLOLHV Insect Biochemistry and Molecular
Biology  
*DOOXQ 5/  *HQHWLF EDVLV RI +HVVLDQ IO\ HSLGHPLFV
Annals of the New York Academy of Sciences 

*UDQW ') 0DWVXPXUD )  *OXWDWKLRQH 6WUDQVIHUDVH 
DQG  LQ VXVFHSWLEOH DQG UHVLVWDQW LQVHFWLFLGH UHVLVWDQW
Aedes aegypti Pesticide Biochemistry and Physiology 

*URYHU -U 3% 5RVV '5 6KXNOH 5+  ,GHQWLILFDWLRQ RI
GLJHVWLYH FDUERK\GUDVHV LQ ODUYDH RI WKH +HVVLDQ IO\
Mayetiola destructor 6D\ 'LSWHUD &HFLGRP\LLGDH
Archives of Insect Biochemistry and Physiology  
+D]HOWRQ *$ /DQJ &$  *OXWDWKLRQH 6WUDQVIHUDVH
DFWLYLWLHV LQ WKH \HOORZIHYHU PRVTXLWR >Aedes aegypti
/RXLVYLOOH@ GXULQJ JURZWK DQG DJHLQJ Biochemistry
Journal  
+RGQLFN :) .DO\DQDUDPDQ % 3ULWVRV &$ 3DUGLQL 56 
7KH SURGXFWLRQ RI K\GUR[\O DQG VHPLTXLQRQH IUHH UDGLFDOV
GXULQJ WKH DXWR[LGDWLRQ RI UHGR[ DFWLYH IODYRQRLGV ,Q 0
* 6LPLF . $ 7D\ORU - ) :DUG DQG & YRQ 6RQQWDJ
HGLWRUV Oxygen Radicals in Biology and MedicineS S
±3OHQXP3UHVV
-LQ + /LX < <DQJ .< .LP &< %DNHU % =KDQJ 6 
)XQFWLRQRIDPLWRJHQDFWLYDWHGSURWHLQNLQDVHSDWKZD\LQ
1 JHQHPHGLDWHG UHVLVWDQFH LQ WREDFFR Plant Journal 

.RQQR < 6KLVKLGR 7  'LVWULEXWLRQ RI JOXWDWKLRQH
6WUDQVIHUDVH DFWLYLW\ LQ LQVHFW WLVVXHV Applied
Entomology and Zoology  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH .RVWDURSRXORV , 0DQW]DUL $( 3DSDGRSRXORV $, 
$OWHUDWLRQV RI VRPH JOXWDWKLRQH 6WUDQVIHUDVH
FKDUDFWHULVWLFV GXULQJ WKH GHYHORSPHQW RI Tenebrio
molitor ,QVHFWD &ROHRSWHUD Insect Biochemistry and
Molecular Biology  
.ULVKQDQ 1 .RGUtN '  $QWLR[LGDQW HQ]\PHV LQ
Spodoptera littoralis %RLVGXYDO $UH WKH\ HQKDQFHG WR
SURWHFW JXW WLVVXHV GXULQJ R[LGDWLYH VWUHVV" Journal of
Insect Physiology  
/HH .  *OXWDWKLRQH 6WUDQVIHUDVH DFWLYLWLHV LQ
SK\WRSKDJRXV LQVHFWV LQGXFWLRQ DQG LQKLELWLRQ E\ SODQW
SKRWRWR[LQV DQG SKHQROV Insect Biochemistry 

/XR 0 'DQJ 3 %DXVKHU 0* +ROEURRN && /HH 5' /\QFK
5( *XR %=  ,GHQWLILFDWLRQ RI WUDQVFULSWV LQYROYHG
LQ UHVLVWDQFH UHVSRQVHV WR OHDI VSRW GLVHDVH FDXVHG E\
Cercosporidium personatum LQ SHDQXW Arachis
hypogaea Phytopathology  
0D 5 &RKHQ 0% %HUHQEDXP 05 6FKXOHU 0$  %ODFN
VZDOORZWDLO Papilio polyxenes DOOHOHV HQFRGH F\WRFKURPH
3V WKDW VHOHFWLYHO\ PHWDEROL]H OLQHDU IXUDQRFRXPDULQV
Archives of Biochemistry and Physiology  
0DUFKOHU%DXHU $ %U\DQW 6+  &'6HDUFK SURWHLQ
GRPDLQ DQQRWDWLRQV RQ WKH IO\ Nucleic Acids Research
 ::
0DUWLQ6DQFKH] -$ *RPH]&ROPHQDUHMR 0 'HO 0RUDO - 6LQ
( 0RQWHV 0- *RQ]DOH]%HOLQFKRQ & /RSH]%UDQD ,
'HOLEHV $  $ QHZ +HVVLDQ IO\ UHVLVWDQFH JHQH H30
WUDQVIHUUHG IURP WKH ZLOG JUDVV Aegilops triuncialis WR
KH[DSORLG ZKHDW Theoretical and Applied Genetics 

0LWWDSDOOL 2 6WXDUW -- 6KXNOH 5+ D 0ROHFXODU FORQLQJ
DQG FKDUDFWHUL]DWLRQ RI WZR GLJHVWLYH VHULQH SURWHDVHV
IURP WKH +HVVLDQ IO\ Mayetiola destructor Insect
Molecular Biology  
0LWWDSDOOL 2 1HDO -- 6KXNOH 5+ E 'LIIHUHQWLDO
H[SUHVVLRQ RI WZR F\WRFKURPRH 3 JHQHV LQ FRPSDWLEOH
DQG LQFRPSDWLEOH +HVVLDQ IO\ZKHDW LQWHUDFWLRQV Insect
Biochemistry and Molecular Biology  
1DNDPXUD $ <RVKL]DNL , .RED\DVKL 6  6SDWLDO
H[SUHVVLRQ RI Drosophila JOXWDWKLRQH 6WUDQVIHUDVH' LQ
WKH DOLPHQWDU\ FDQDO LV UHJXODWHG E\ WKH RYHUO\LQJ YLVFHUDO
PHVRGHUP Development Growth and Differentiation 

3DLQWHU 5 +  7KH ELRORJLFDO VWUDLQV RI +HVVLDQ IO\
Journal of Economic Entomology  
3HUL 0DWDUXJD 9 %ODJRMHYL  ' 6SDVL  0% ,YDQRYL  -
-DQNRYL +ODGQL 0  (IIHFW RI WKH KRVW SODQW RQ WKH
DQWLR[LGDWLYH GHIHQFH LQ WKH PLGJXW RI Lymantria dispar
/ FDWHUSLOODUV RI GLIIHUHQW SRSXODWLRQ RULJLQV Journal of
Insect Physiology  
5DQVRQ + &ROOLQV )+ +HPLQJZD\ -  7KH UROH RI
DOWHUQDWLYH P51$ VSOLFLQJ LQ JHQHUDWLQJ KHWHURJHQHLW\
ZLWKLQ WKH Anopheles gambiae FODVV , *67 IDPLO\
Proceedings of the National Academy of Sciences USA
 
5DQVRQ + 5RVVLWHU / 2UWHOOL ) -HQVHQ % :DQJ ; 5RWK &:
&ROOLQV )+ +HPLQJZD\ -  ,GHQWLILFDWLRQ RI D QRYHO
FODVV RI LQVHFW JOXWDWKLRQH 6WUDQVIHUDVHV LQYROYHG LQ
UHVLVWDQFH WR ''7 LQ WKH PDODULD YHFWRU Anopheles
gambiae Biochemistry Journal  
5DQVRQ + +HPLQJZD\ -  0RVTXLWR JOXWDWKLRQH
WUDQVIHUDVHV Methods in Enzymology  
5DWFOLIIH 5+ 6DIUDQVNL ** 3DWWHUVRQ )/ 2KP +: 7D\ORU
3/  %LRW\SH VWDWXV RI WKH +HVVLDQ IO\ 'LSWHUD
&HFLGRP\LLGDH SRSXODWLRQV IURP WKH HDVWHUQ 8QLWHG
6WDWHV DQG WKHLU UHVSRQVH WR  +HVVLDQ IO\ UHVLVWDQFH
JHQHV Journal of Economic Entomology  
5RJHUV 0( -DQL 0. 9RJW 5*  $Q ROIDFWRU\VSHFLILF
JOXWDWKLRQH6WUDQVIHUDVH LQ WKH VSKLQ[ PRWK Manduca
sexta Journal of Experimental Biology  
6DUGHVDL 1 1HPDFKHFN -$ 6XEUDPDQ\DQ 6 :LOOLDPV &(
 ,GHQWLILFDWLRQ DQG PDSSLQJ RI H32 D QHZ ZKHDW
JHQH FRQIHUULQJ UHVLVWDQFH WR +HVVLDQ IO\ Theoretical and
Applied Genetics  
6LQJK 63 &RURQHOOD -$ %HQHV + &RFKUDQH %- =LPQLDN 3
 &DWDO\WLF IXQFWLRQ RI Drosophila melanogaster
JOXWDWKLRQH 6WUDQVIHUDVH 'P*676 *67 LQ
FRQMXJDWLRQ RI OLSLG SHUR[LGDWLRQ HQG SURGXFWV European
Journal of Biochemistry  
6RVD 2 *DOOXQ 5/  3XULILFDWLRQ RI UDFHV % DQG & RI WKH
+HVVLDQ IO\ E\ JHQHWLF PDQLSXODWLRQ Annals of the
Entomological Society of America  
6Q\GHU 0- :DOGLQJ -. )H\HUHLVHQ 5  *OXWDWKLRQH
6WUDQVIHUDVHV IURP ODUYDO Manduca sexta PLGJXW
VHTXHQFH RI WZR F'1$V DQG HQ]\PH LQGXFWLRQ Insect
Biochemistry and Molecular Biology  
7RXQJ <36 +VLHK 7 7X &3'  7KH JOXWDWKLRQH
6WUDQVIHUDVH ' JHQHV D GLYHUJHQWO\ RUJDQL]HG LQWURQOHVV
JHQH IDPLO\ LQ Drosophila melanogaster Journal of
Biological Chemistry  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7X &KHQ3HL ' $NJO %  Drosophila JOXWDWKLRQH
6WUDQVIHUDVHV Methods in Enzymology  
9DQKDHOHQ 1 +DXEUXJH ( /RJQD\ * )UDQFLV ) 
+RYHUIO\ JOXWDWKLRQH 6WUDQVIHUDVHV DQG HIIHFW RI
%UDVVLFDFHDH VHFRQGDU\ PHWDEROLWHV Pesticide
Biochemistry and Physiology  
:DGOHLJK 5: <X 6-  'HWR[LILFDWLRQ RI LVRWKLRF\DQDWH
DOOHORFKHPLFDOV E\ JOXWDWKLRQH 6WUDQVIHUDVHV LQ WKUHH
OHSLGRSWHURXV VSHFLHV Journal of Chemical Ecology 

<RVKL\DPD 0 6KXNOH 5+  0ROHFXODU FORQLQJ DQG
FKDUDFWHUL]DWLRQ RI D *OXWDWKLRQH 6WUDQVIHUDVH JHQH IURP
+HVVLDQ IO\ 'LSWHUD &HFLGRP\LLGDH Annals of the
Entomological Society of America  
<XDQ -6 5HHG $ &KHQ ) 6WHZDUW &1  6WDWLVWLFDO
DQDO\VLV RI UHDOWLPH 3&5 GDWD BMC Bioinformatics 

<X 6-  3XULILFDWLRQ DQV FKDUDFWHUL]DWLRQ RI JOXWDWKLRQH
WUDQVIHUDVHV IURP ILYH SK\WRSKDJRXV OHSLGRSWHUD
Pesticide and Biochemistry Physiology  
=KRX =+ 6\YDQHQ 0  $ FRPSOH[ JOXWDWKLRQH WUDQVIHUDVH
JHQH IDPLO\ LQ WKH KRXVHIO\ Musca domestica Molecular
Genetics and Genomics  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 